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SPECIFICATION 
1- Title of the Invention 

Improvement in microorganism 
2 . Scope of Claim for Patent 

1. An improved microorganism having an expression 
regulatory sequence for a gene concerned in the production of 
a target substance introduced in the chromosome of a 
microorganism possessing said chromosome containing said gene 
at a position and in a direction such that the expression of 
said gene is enabled to be restricted. 

2. A microorganism according to claim 1, wherein said 
microorganism is a microorganism of genus Bacillus. 

3. A microorganism according to claim 2. wherein said 
microorganism is Bacillus subtilis or Bacillus 
amyloliquef aciens . 

4. A microorganism according to any of claims 1 through 
3. wherein said expression regulatory sequence is a promoter 
and said promoter is inserted in the upstream of said gene. 

5. A microorganism according to claim 4, wherein said 
promoter is the promoter of a microorganism of genus Bacillus 
or the promoter of a phage of a microorganism of genus 
Bacillus and said promoter is inserted in the upstream of said 
gene . 

6. A microorganism according to any of claims 1 through 
5. wherein said gene is a gene concerned with the synthesis of 
tryptophan . 

7. A method for the production of an improved 



microorganism, characterized by introducing an expression 
regulatory domain for a gene concerned in the production of 
target substance in the chromosome of a microorganism 
possessing said chromosome containing said gene at a positio 
and in a direction such that the expression of said gene is 
enabled to be enhanced. 

8. A method for the production of a useful substance, 
characterized by culturing an organism set forth in claim 1 
thereby yielding a product concerned in said gene and 
collecting said product. 

3. Detailed Description of the Invention 
[Field of the Invention] 

This invention relates to a novel method for improving < 
useful microorganism, a microorganism produced by the method 
for improvement, and a method for the production of a useful 
substance by the use of the microorganism. The method for 
improving a microorganism according to this invention is 
characterized by introducing externallv an expression 

regulators seauence caoable of conL^nno th<* *<™r- A co-i 

the ^ ene into a chromosome containing an existent, qene. 

[ Prior Art ) 

The recombinant DNA technology has developed and 
advanced to the extent of permitting mass production in 
microorganisms of substances ranging from such proteins as 
hormones, vaccines, and interferons, and enzymes and amino 
acids through secondary metabolites such as vitamins and 
antibiotic substances. This mass production is accomplished 



by converting a specific gene concerned in the production of a 
substance into a clone on an appropriate plasraid vector of a 
laxge number of copies , introducing the plasraid by the method 
of transformation into an appropriate microorganism, and 
inducing expression of the introduced gene concerned in the 
production of a substance. In this case, the expression of 
the gene is performed more efficiently by functionally 
connecting a promotor gene to a target gene by the use of a 
plasmid vector possessing a promotor gene of high activity. 
The production of a substance by the use of a plasmid vector 
is generally unstable and unsuitable for stable manufacture of 
a substance because it suffers the plasmid to fall out or to 
succumb to variation or deletion. 

As an alternative measure, the method which comDrises 
integrating a taraet aene with the chromosome of a host- 
microorganism is conceivable. Though this method is capable 
of stably maintaining the externally introduced gene through a 
multiplicity of generations, it has the disadvantage of 
encountering difficulty in increasing the dearee of 
amDlif icat-inn r,f rhp. aene and inevitably imposing a limit on 
the productivity of the target product. 

[Problem to be solved by the Invention) 

An earnest demand, therefore, has been continuing for a 
microorganism which stably maintains a gene concerned with a 
target substance in the chromosome thereof, powerfully 
exDresses the aene. and allows efficient production of the 
target substance and a method-— for EHe" crparinn r^f t-H~ 



microoraanism . 

[Means to solve the Problem] 

The present inventors have continued various studies 
with a view to solving the problem mentioned above and 
consequently discovered that a microorganism capable of 
efficiently producing a specific target substance is obtained 
by introducing a powerful promotor capable of enhancing the 
expression of a gene concerned in the production of the target 
substance in the chromosome of a microorganism already 
containing the gene. The present invention has been perfected 
as a result. 

This invention, therefore, is aimed at providing an 
improved microorganism which has an expression regulatory 
sequence for a gene concerned in the production of a target 
substance introduced in the chromosome of a microorganism 
possessing the chromosome containing the gene at a position 
and in a direction such that the expression of the oene is 
enabled to be controlled; a method for the production of the 
microorganism; and a method for the production of a useful 
substance, characterized by culturing the organism thereby 
yielding a product concerned in the gene and collectino j-h~ 
produce"'. 

[Specific Description] 

This invention can be applied to a microorganism which 
already possesses a gene concerned in the production of a 
target substance in the chromosome thereof and exhihits t-h~ 
ability to produce the target subscance and to a microorganism 



which already possesses a gene concerned in the production of 
a target substance in the chromosome thereof and nevertheless 
fails to produce substantially the target substance and 
derives an abilitv to Droduce the taraet substance fmm 
extftmaiiir -i ^v-r-^„^s an . au *n ^-x-nression reaulatorv/qene As 
concrete examples of the microorganism answering this 
description, the microorganisms belonging to genus Bacillus, 
genus Escherichia, genus Seratia. genus Pseudomonas, genus 
Brevibacterium, genus Corynebacterium, etc. . may be cited. 
The microorganisms which belong to genus Bacillus include 
Bacillus subtilis , Bacillus amyloliquef aciens , Bacillus 
licheniformis. Bacillus stearothermophilus . etc.. for example 

The target substances which are produced by the method 
of this invention can be proteins or polvoeDtides such as. for 
example, varying species of enzymes sucn as. for example, 
protease, amylase, glucose isomerase, cellulase, and 
tryptophan synthetase which are products of direct expression 
of genes; various species of peptide-like hormones such as, 
for example, insulin, growth hormones, encephalin. and 
somatostatin; various species of antigens such as, for example 
hepatitis vaccine, polio vaccine, and Herpes vaccine; and 
various species of lymphokine such as, for example, interferon 
and interleucine . 

The target substances which are produced by the method 
of this r.nvention can also be such substances as are produced 
by the catalytic activity of one or more enzymes which are 
products of direct expression of genes. As concrete examples 



of such substances. L- tryptophan which is synthesized by a 
plurality of enzymes concerned in the synthesis of tryptophan 

threonine which is synthesized by a plurality of enzymes 
concerned in the synthesis of threonine, and inosine and 
guanine which are synthesized by a plurality of nucleotide- 
synthesizing enzymes may be cited. The gene which is 
concerned in the production of such target substance may be a 
gene which inherently exists in the chromosome of a host 
microorganism or a gene which has been artificially inserted 
in advance in the chromosome of a host microorganism. The 
former gene possesses an expression regulatory s^^stes 
naturally attendant on the gene and, on being furnished with 
an additional expression regulatory sequence to be inserted 
therein by the method of this invention, acouires an abilitv 
to enhance th« nrf>dnr.tion of the taraet substance bv a host. 
It is otherwise capable of conferring an ability to produce 
the target substance on a host which has been inherently 
incapable of producing substantially the target substance. 
The latter gene in most cases possesses an expression 
regulatory domain attendant on the structural gene thereof and. 
on being furnished with a powerful expression regulatory 
sequence to be introduced by the method of this invention 
acquires such effect as mentioned above. When the 
preparatorily inserted gene is not accompanied by the 
expression regulatory sequence of its own. the host 
microorganism in its unmodified form is incapable of producing 
the target substance. It is, however, enabled to confer an 



ability to produce the target substance on the host 
microorganism by artificially inserting an expression 
regulatory sequence therein by the method of this invention 
As a concrete example of the microorganism which contains such 
gene, a microorganism which is created by subjecting a gene 
concerned in the synthesis of the tryptophan of Bacillus 
siibtilis and a chloramphenicol-resistant gene to in vitro 
ligation thereby inducing integration of the two genes in the 
chromosome of Bacillus subtilis and which allows stable 
production of the products of the two genes and tryptophan 
( JP-A-61-85. 184 and JP-A-61-88.873) may be cited. 

The expression regulatory sequences include promoters 
terminators. SD sequences, and operators, for example. They 
are inserted as oriented in alignment with the direction of 
transfer of the structural gene into the upstream or 
downstream of a structural gene concerned in the production of 
the target substance which normally exist already in the 
relevant chromosomes, depending on a specific expression 
regulatory sequence. A typical example of the regulatory 
sequence mentioned above is a promotor. This promotor is 
generally inserted in the upstream of the structural gene 
mentioned above as oriented in alignment with the direction of 
transcription of the structural gene. For a specific host 
microorganism, for example, the product obtained by converting 
a promotor naturally existing in the microorganism into a 
clone, the product obtained by converting a promotor naturally 
existing in a phage of the microorganism into a clone, or the 



hybrid promotor originating in these promotors can be used. 
The promotor may have been chemically synthesized. 

Generally, the expression regulatory domain to be 
inserted is introduced either by a plasmid capable of being 
amplified in a host microorganism or in the form of a cyclic 
or linear DNA incapable of being amplified in the host 
microorganism. As a means for introducing the target DNA into 
the host microorganism, any of the methods in popular use for 
the introduction of a DNA into cells such as, for example, the 
calcium cell method (literature: J. Bacterid., 119 1072 
(1974)). competent cell method (literature: Gene. 1, 153 
(1977)), the protoblast transformation method (Molec. Gen 
Genet. 168. Ill (1979)) can be used. 

As a means for integrating an expression regulators 
sequence such as a promotor with the chromosonm of a nost 
microorganism. the so-called homologous crossing-over is 

adopted. For this purpose, the reaulat-rv™ tQ fae 

i " acriea 13 Preferred to be furnished at one terminal or both 
terminals thereof with a DNA seouence which is hnmnionnnc 
the DNA sequence of a gene already existing in the relevant 
chromosome and concerned in the formation of the target 
product . 

The working examples, as cited hereinafter in the 
present specification, uses Bacillus amyloliquef aciens as a 
host microorganism, a gene constructing tryptophan operon as a 
gene concerned in the production of a target substance, and a 
promotor originating in Bacillus amyloliquef aciens or a 



promotor originating in SP02 phase infecting Bacillus subtilis 
as an expression regulatory sequence. These concrete examples 
will be referred to hereinafter as working examples. 

The enzyme reaction conditions involved in the working 
examples are roughly as follows . 
Hind III digestion 

Reaction medium: 100 mM Tris-HCl (pH 7.5). 50 mM 

NaCl. 5 mM Hg Cl 2 
Amount of enzyme: 5 units per 1 ug of DNA 
Reaction conditions: 60 minutes at 37°C 
Hind III partial digestion 

Reaction medium: 100 mM Tris-HCl (pH 7.5). 50 mH 

NaCl. 5 mM NgCl 2 
Amount of enzyme: 0.1 unit - 1 unit per 1 u.g of DNA 
Reaction conditions: 60 minutes at 37°C 
Sma I digestion 

Reaction medium: 10 mM Tris-HCl (pH 8.0). 20 mM KC1. 
7 mM NgClj 

Amount of enzyme: 10 units per 1 u.g of DNA 
Reaction conditions: 60 minutes for 37°C 

Xba I digestion 

Reaction medium: 100 mM Tris-HCl (pH 7.5), 50 mM 

NaCl. 5 mM HgCl 2 
Amount of enzyme: 5 units per L ug of DNA 
Reaction conditions: 60 minutes at 37°C 

EcoR I digestion 

Reaction medium: 10 mM Tris-HCl ( pH 7.5), 50 mM 



HaCI, 5 mM HgCl, 
Amount of enzyme: 5 units per 1 pig of DNA 
Reaction conditions: 60 minutes at 37°C 

BamH I digestion 

Reaction medium: 10 mM Tris-HCl (pH 7.5), 50 mM 

HaCI, 5 mM HgCl, 
Amount of enzyme: 10 units per 1 ug of DNA 
Reaction conditions: 60 minutes at 37°C 

DNA polymerase I 

Klenow fragment 

(pol I) treatment: One (1) \ig of DNA (20 ul) digested in 
a buffer of 100 mM Tris-HCl (pH 7.5), 50 mM NaCl, 
and 5 mM MgCl 2 and 3 units (1 ul) of a DNA 
polymerase I-Klenow fragment and 2 n moles < 1 jxl of 
2 mM solution) of a relevant dXTP added thereto 
were incubated at room temperature for 30 minutes. 

Bacterial alkaline phosphatase (BAP) 

Treatment: One (1) ug of a DNA solution digested with a 
restriction enzyme and 0.3 unit of BAP added thereto were 
incubated at 55°C for 30 minutes. 

Connection by T4 DNA ligase: Separate portions of DNA 
solution digested in a buffer of 100 mM Tris-HCl { pH 7.5), 50 
mM NaCl. 5 mM HgCl 2 were combined, diluted with ATP to a total 
amount of 10 nM, and further made to add 30 units of Td DNA 
ligase. and the resultant mass was incubated overnight at 15°C. 
Example 1 - Cloning of promotor from Bacillus 
amyloliquef aciens and impartation of marker (Fig, l) 



First, a promotor screening vector pGR71 (Nature, 293 
309 (1981) Goldfarb. D. S. et ai. ) (widely used in the trade 
and easily procured) was digested with a restriction enzyme 
Hind in. The product of digestion thus obtained and the 
chromosome DNA of Bacillus amyloliquef aciens similarly 
digested with the restriction enzyme Hind III were mixed in a 
test tube and subjected to a ligation reaction by the use of 
T4 DNA ligase. Then, the product of ligation was introduced 
into Bacillus sub tills UOT 0531 (Tokyo University. Applied 
Microorganism Research Institute) by the protoblast 
transformation method (S. Chang & S. N. Cohen. Molec. gen 
Genet., 168. Ill (1979)) to obtain numerous transformed 
Particles capable of growing on an agar culture plate 
containing 25 ppm of chloramphenicol. Then, the transformed 
particles were tested for degree of resistance to 
chloramphenicol and for the chloramphenicol acetyl transferase 
activity. The transformed particles. Bacillus subtilis TFK 
756. which exhibited the highest activity were selected as a 
strain having a promotor of high activity cloned. The plasmid 
was separated from the TFK 7 56 and refined. The Hind III 
fragment DNA already cloned and measured 0.3 MD in size was 
designated as sequence P756 possessing. a promotor activity and 
the pGR 71 fragment having P756 cloned was designated as pSDK 
756. 

Then, for the purpose of incorporating a tetracycline- 
resistant gene as a marker in the upstream of the P756 
promotor of pSDK 756. the plasmid pTP 5 of Bacillus subtilis 



was digested with the restriction enzyme Hind III . The 
product of this digestion and the pSDI 756 partially digested 
similarly with the restriction enzyme Hind III were mixed and 
subjected to a ligation reaction by the use of the Td DNA 
ligase and transformed to escherichia coli C600 to obtain a 
transformed body which exhibited resistance to tetracycline 
and assumed resistance to chloramphenicol. Consequently, a 
plasmid pSDK 27364 having 1.5 MD of tetracycline-resistant 
gene incorporated in. the upstream of P. 756 of the pSDK 756 was 
produced. 

Further, the pSDK 27364 was partially digested with the 
restriction enzyme Hind III and caused to form smooth 
terminals by the use of Klenow fragment and four species of 
XTP as shown in Fig. 1. Then, it was mixed with the pUC 18 
digested with Sma I and subjected to dephosphorization- 
oxidation with BAP and the resultant mixture was ligated with 
the Te DNA ligase and transformed to an escherichia coli JN 
109 to screen transformed particles containing the plasmid 
pSDK 27365 and exhibiting resistance to Ampicillin and 
tetracycline. As a result, the plasmid capable of preparing a 
DNA fragment possessing a P756 furnished with a marker 
resistant to tetracycline was obtained. 

Example ?_. Preparation of DNA for introduction of nromotor P 
756 and introduction thereof to host strain (Fig, 

The plasmid pSDK 27365 was digested with EcoRI and Xba I, 
separated by agarose electrophoresis, and refined by phenol 
extraction and ethanol precipitation to produce 1.8 KD of 



EcoRI-Xba I fragment containing a gene resistant to 
tetracycline and the promotor P 756. 

Separately, the plasmid pSDT I II I having the tryptophan 
synthesizing gene of amyloliquef aciens cloned to the 
escherichia coli plasmid pBR 322 was digested with the 
restriction enzyme EcoR I and Xba I, separated by agarose gel 
electrophoresis . and refined by phenol extraction and ethanol 
precipitation to obtain the EcoR I - Xba I fragment containing 
the upstream portion of the tryptophan synthesizing gene and 
measuring 2.5 MD in size. The escherichia coli containing the 
plasmid pSDT IIII has been deposited as FERMP-7861 in 
Microorganism Industrial Technology Research Institute of 
Industrial Science and Technology Agency. 

Then, the two fragments in equal amounts of about 1 p.g 
were mixed and subjected to a ligating reaction by the use of 
the T4 DNA ligase. The product of this reaction was used to 
transform the competent cells of the tryptophan producing 
bacillus SD 30 of Bacillus amyloliquef aciens as follows . 

First, the bacillus SD 30 scribble cultured on a TBAD 
agar culture medium (Difco Corp.: 10 g of Bacto Tryptose, 3 g 
of Bacto Beef Extract, 5 g of NaCl, 15 g of Bacto Agar: 1 
liter of HjO) was inoculated in such an amount to the CI 
culture medium (14 g of K 2 PO, . 6 g of KHjPO, . 2 g of (NH,) 2 S0 4 . 1 
g of sodium citrate-2HjO. 6 mM of MgSO<-7HjO. 5 g of glucose, 
0.2 g of Casaraino acid. 50 pptn of L- tryptophan : 1 liter of 
H,0) as to set the OD 660 at 0.05. shaken cultured at 37°C, 
and subjected to centrif ugation (4000 rpm, 10 minutes) when 



the OD 660 reached a level of about 0.5. The precipitate was 
suspended in such an amount in the C II culture medium (14 g 
of K 2 P0 4 . 6 g of KH 2 P0 4 . 2 g of (NH^SO,. 1 g of sodium 
citrate-2H 2 O.0.5 mM of MgSO^HjO. 5 g of glucose. 0.1 g of 
Casamino acid, and 5 ppm of L- tryptophan) so as to be diluted 
to twice the original volume. The mixed culture medium 
consequently formed was continuously shaken cultured and, 30 
minutes thereafter, admixed with the DNA solution which had 
undergone a ligation, reaction, shaken .cultured for one hour at 
3 7°C, and applied to the TBAB agar culture medium containing 5 
ppm of tetracycline. 

After the culture was performed overnight at 37°C. 
transformed particles resistant to tetracycline were obtained. 

Thus, the promotor P 756 was integrated with the 
immediate upstream of the tryptophan synthesizing gene on the 
chromosome by the homologous crossing-over to produce the 
targeted tryptophane producing strain. The results of the 
homologous crossing-over are illustrated as a model in Fig. 2 
Example n . Preparation of plasmid containing proinotnr 
originating in phage SPD 2 and tryptophan synthesizing gene 
and introduction thereof into host (Fig. 3) 

The starting plasmid pSDD 136 shown in Fig. 3 was a 
plasmid measuring 5 MD in size and containing 0.17 MD of trie 
EcoR I fragment containing a promotor (P 201) originating in 
the Bacillus subtilis phase SPO 2. containing the restriction 
enzyme breaking point Bam II I, Sal I. and Pst I in the 
downstream thereof, and further containing the structural gene 



of the chloramphenicol-resistant gene originating in Bacillus 
pumilus in the further downstream thereof. This plasmid was 
prepared from the chloramphenicol-resistant transformed 
particles obtained by digesting the pPL 708 (Gene, ie>, 199 
(1981)} (commercially procured from Bacillus Genetic Stoch 
Center of Ohio State University) with the EcoR I and Bgl 1 1 
mixing the resultant product of digestion with the pBR 322 
digested with EcoR I and Bam II I, subjecting the produced 
mixture to a ligation reaction with the T4 DNA ligase, and 
transforming the ligation product into an escherichia coli 
c600. 

The Dlasmid dSDD 136 was diaested with the restriction 
enzyme Bas II I and then treated with the Klenow fragment of 
the escherichia coli DNA polymerase. Meanwhile, the plasmid. 
pSDT III was digested with the restriction enzyme EcoR I and 
then treated with the Klenow fragment of the escherichia coli 
DNA polymerase I . The two DNA fragments were mixed and 
ligated with the T4 DNA ligase. The product of this linat-inn 

Was USed tO transform the trYDtODhan-^manHinn ocrharirhia 

coli JA 221. By extracting and analyzing the plasmid from the 
resultant transformed particles demanding tryptophan and 
exhibiting resistance to ampicillin and chloramphenicol, the 
recombinant plasmid pSEY 1213 functionally ligating the 
promotor originating in the SPO 2 phase with the fragment 
containing the tryptophan synthesizing gene and measuring 10 
MD in size was obtained. 

This plasmid pSEY 1213 was used, in the same manner as 



described in Example, to transform the competent cells of the 
tryptophan producing strain, bacillus SD-30, of the Bacillus 
amyloliquef aciens . Thus, the homologous crossing-over 
integrated the promotor P301 in the immediate upstream of the 
tryptophan synthesizing gene on the chromosome and produced 
the targeted tryptophan producing strain. The results of the 
homologous crossing-over are shown as a model in Fig. 3 
Example 4. Expressi on of tryptophan synthesizing pn7 ro? 

The amounts of the strain bacillus SD 1034 having the 
promotor sequence inserted in the neighborhood of the 
tryptophan gene on the microbial chromosome, the enzyme 
tryptophane synthetase produced by the bacillus SD 1035 , and 
the anthranilic acid synthetase were found by measuring trie 
two enzymes for activity. 

The parent strain bacillus SD 30 having no promotor 
introduced therein, the strain bacillus SD 1034 having a 
promotor introduced therein, and the bacillus SD 1035 were 
precultured on the TBAB agar culture medium (Difco Corp.). 
inoculated in such amounts to the Spizizen minimum culture 
medium as to set the OD (660 run) at an approximate level of 
0.03, and shaken cultured till the OD (660 nm) at 37°c reached 
about 0.5. The resultant culture broth was cooled and 
centrifuged at 5000 rprn for 15 minutes. The precipitate was 
cleaned and centrifuged in the buffer-I (0.025M KH 2 P0 4 . 0.0 75 
M K 2 HP0 4 . pH 7.3, 0.01 M L-glutamin; 10% glycerin) and then 
suspended in 2 ml of the buffer-II (0.025 M KHjPH, , 0.075 M 
K 3 HP0,, pH 7.3. 0.01 M L-glutamin, 4 mM NaCl; 40% glycerin) 



The suspension and 0.5 mg of lysozyme and 5 pig of DNase added 
thereto were incubated at 37°C for 30 minutes. The product of 
this incubation was centrifuged at 30,000 rpm for 30 minutes. 
The supernatant consequently produced was used as a crude 
enzyme solution. 

The results of the determination of trvntoDhan 
synthetase art-ivUv performed by following the method 
published in Enzymology, 5, 794 (1962) and the results of the 
determination of anthranilic acid svnthetasft artiir<* v 
performed by following the procedure published in Genetics. 52 , 
1303 (1965) are shown below. 

Strain Tryptophan synthetase Anthranilic acid 

activity synthetase 

SD30 100 100 
SD1034 250 300 
SD1035 300 320 

In the bacillus SD 1034, the upstream portion of the 
tryptophan synthesizing gene containing the P 756 promoter and 
the anthranilic synthetase gene was introduced in the 
neighborhood of the tryptophan synthesizing gene on the 
chromosome of the host microbe and, as a result, the 
expression of the tryptophan synthesizing gene existing from 
the beginning on the chromosome was enhanced and the 
additional anthranilic acid synthetase gene was introduced as 
well. Thus, the tryptophan synthetase activity was amplified 



to about 2.5 times the original level and the anthranilic acid 
synthetase activity to about 3.0 times the original level, in 
contrast, in the bacillus SD 1035, the diploid of the 
tryptophan synthesizing gene was formed and the P 201 promotor 
sequence DNA was introduced in the neighborhood of one of the 
halves of the diploid of the tryptophan synthesizing gene. As 
a result, the anthranilic acid synthetase activity and the 
tryptophane synthetase activity were each enhanced to 3 - 3 2 
times the original level. 
Example 5 . Production of L- tryptophan 

In 2 liters of the culture medium (pH 7.0) containing 5% 
glucose, 0.2% ammonium sulfate, 1.4% K 2 PH,. 0.6% KH 2 P0 4 . 1 g of 
sodium citrate-2H a O. 0.02% MgSO,, 1 ppm of FeSO^O, and 1 ppm 
of MnSO,, 800 ppm of anthranilic acid was placed and the 
parent strain bacillus 5030 having no promotor introduced 
therein, the strain bacillus SD 1034 having a promotor 
introduced therein, and the bacillus SD 1035 were inoculated. 
The microbes thus prepared were shaken cultured aerobically 
in a jar fermenter. 5 liters in inner volume, at 35°C. During 
the course of the culture, the culture mixture was properly 
replenished with anthranilic acid to a concentration of about 
1000 ppm each time the concentration thereof fell to below 50 
ppm. The culture was continued for 15 hours, with the pH of 
the culture medium maintained in the range of 7.0 ± 0.4 by 
adding 100 g of glucose and further adding the necessary 
amount of aqua ammonia while the culture was in progress. The 
amount of L- tryptophan accumulated in the culture broth was 



traced by high-speed liquid chromatography. The results axe 
shown below. 



Strain Cumulative amount of L-trvptophan fg/T.) 
SD30 4.7 
SD1034 8.9 

SD1035 15.1 

It is clear from this table that .the bacillus SD 1034 
which had the expression of the tryptophan synthesizing gene 
on the chromosome enhanced by the introduction of the promotor 
of this invention accumulated tryptophan in an amount twice as 
large as the parent strain SD 30. The bacillus SD 1035 having 
an additional tryptophan synthesizing gene introduced therein 
besides the promotor accumulated tryptophan in an amount about 
three times as large as the parent strain SD 30. 
Example 6 

The fact that in the bacillus SD 1034 and the bacillus 
SD 1035, the promotor sequence DNA was introduced in the 
proximity of the tryptophane gene was confirmed by the 
Southern hybridization technique as follows. 

The bacillus SD 1034 and the bacillus SD 1035 were 
shaken cultured overnight in 300 ml of culture medium at 35°C. 

By the standard DNA extraction technique (Biochem. Biophys 
Acta. 72, 619 (1963)). the chromosome DNA was extracted from 
the resultant culture broth and then refined, yield about 1 mg 

The portions. 1 ng each in amount, were thoroughly digested 



severally with the restriction enzyme Bam H I. EcoR i, and Xba 
I and then subjected to agarose electrophoresis. The DNA 
samples thus obtained were each subjected to alkali 
modification and neutralization by tbe standard technique and 
transferred to a nitrocellulose filter. The filter was washed 
and then heat-treated at 80°C for two hours. 

The EcoR I fragment of 5 MD containing a tryptophan gene 
separately prepared pure as a probe DNA. the Hind III fragment 
of 0.3 MD containing the P 756 promotor, and the EcoR I 
fragment of 0.18 MD containing the P 201 promotor were 
labelled with [y-»P] dCTP by the nick translation technique to 
furnish a probe DNA having a specific activity of 40 p. Ci/ioo 
ng- 

The filter mentioned above was incubated for two hours 
in a prehybridization solution (6 x SSC. 5 x Denhardt 
solution) at 42°C and then incubated overnight in a 
hybridization solution (6 x SSC, 2 x Denhardt solution) 
containing the probe DNA of 40 fiCi and 50% formamide at 42°C. 
Then, the filter was incubated twice each for 15 minutes in 
the buffer solution (2 x SSC) at 37°C. then transferred into a 
buffer solution (0.1 x SSC) of low concentration, and washed 
twice each for five minutes at 37°C.^ The filter was wiped to 
remove the residual moisture and then subjected to 
autoradiography using a film sold under the trademark of 
"Kodak XAR5- at -80°C for three hours. 

As a result, in the case of the bacillus SD 1034. a 
signal was generated by the fragment probe containing the 



tryptophan gene and by the fragment probe containing the P 756 
as well in the area, 7 MD in size, digested by the Bam H I. 
Then, a signal was generated by the fragment probe containing 
the tryptophan gene and by the fragment probe containing the P 
756 as well in the area. 3.2 MD in size, digested by the EcoR 
I. Further, a signal was generated by the fragment probe 
containing the tryptophan gene and by the fragment probe 
containing the P 756 as well in the area, 4.3 MD in size, 
digested by the Xba I- It was consequently confirmed that the 
construction of the bacillus SD 1034 in the neighborhood of 
the tryptophan gene was as shown in Fig. 2 and that the 
promotor sequence was introduced in the neighborhood of the 
tryptophan gene. 

It was confirmed that in the case of the bacillus SD 
1035. a signal was generated by the fragment probe containing 
the tryptophan gene and by the fragment probe containing the P 
201 as well in the area, 10 MD in size, digested by the Xba I 
and the promotor sequence was introduced in the neighborhood 
of the tryptophan gene in consequence of the homologous 
crossing-over as shown in Fig. 3. 

[Effect of the Invention] 

The present invention, unlike the genetic amplification 
using a plasmid. enables a specific substance producible by a 
microorganism to be manufactured in large quantities on a 
commercial scale. While the genetic amplification fails to 
fulfill its object unless the target gene is in a perfect 
state, this invention fulfills its object easily so long as it 



secures the upstream portion of the target gene and an 

arbitrary promotor DNA. 

4 . Brief Description of the Drawings 

Fig. 1 depicts a method for cloning a promotor sequence 



DNA. 



Fig. 2 depicts the promotor sequence DNA and a method 
for introducing the upstream portion of the tryptophan gene 
into a microbe. 

Fig. 3 depicts a method for producing a DNA having the 
tryptophan gene incorporated in the downstream of the promotor 
sequence and a method for the introduction in a microbe. 
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